Fatty acid interactions with rat intestinal and liver fatty acid-binding proteins expressed in Escherichia coli. A comparative 13C NMR study.
Enterocytes in the small intestinal mucosa contain abundant quantities of two homologous cytosolic proteins known as intestinal and liver fatty acid-binding proteins (I- and L-FABP, respectively). To elucidate structure-function relationships for these proteins, the interactions between 13C-enriched palmitate and oleate and Escherichia coli-expressed rat I- and L-FABP were systematically compared using 13C NMR spectroscopy. NMR spectra of samples containing fatty acids (FA) and I-FABP at different molar ratios (all at pH 7.2 and 37 degrees C) exhibited a single carboxyl resonance corresponding to FA bound to I-FABP (181.4 ppm, peak I) and an additional carboxyl resonance corresponding to unbound FA in a bilayer phase (179.6 ppm). Peak I reached a maximum intensity corresponding to 1 mol of bound FA/mol of I-FABP under all sample conditions examined. NMR spectra for samples containing FA and L-FABP also exhibited a single carboxyl resonance corresponding to FA bound to L-FABP but at a different chemical shift value (182.2 ppm, peak L). Its maximum intensity varied depending on the physical state of the unbound FA (liquid crystalline or crystalline), the FA used (palmitate or oleate), and the sample pH. In the presence of a liquid crystalline (bilayer) phase, up to 1 (oleate) or 2 (palmitate) mol of FA were bound/mol of L-FABP, but in the presence of a crystalline phase (1:1 acid-soap), up to 3 mol of palmitate were bound/mol of L-FABP (all at pH 7.2). Peak I exhibited little or no ionization shift over a wide pH range (pH 3.0-11.0), and its chemical shift was unaffected by the ionization of Lys and His residues. Hence, the carboxylate group of FA bound to I-FABP was solvent inaccessible and most likely involved in an ion-pair electrostatic interaction with the delta-guanidinium moiety of an Arg residue. In contrast, peak L exhibited an ionization shift and an estimated apparent pKa value similar to that obtained for monomeric FA in water, suggesting that the carboxylate groups of FA bound to L-FABP were solvent accessible and located at or near the protein solvent interface. With decreasing pH, FA dissociated from L-FABP but not I-FABP, as monitored by NMR peak intensities. Concurrently, a large decrease in circular dichroism molar ellipticity was observed with L-FABP but not I-FABP. In conclusion, I-FABP and L-FABP are distinct with regards to their FA-binding stoichiometries, binding mechanisms, and sensitivity to pH.(ABSTRACT TRUNCATED AT 400 WORDS)